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SECTION I 

INTRODUCTION 

A development program, in support of the Improved 20mm Ammunition 
Program, was conducted to modify the XM714 fuze for function delay. The 
modification consisted of replacing the setback spring with a crush washer, 
removing the self-destruct steel balls, and incorporating a solid ogive. 
The base thread diameter was increased (larger than the M505 fuze diameter) 
to permit strengthening the ogive wall for increased fuze survivahility 
during target penetration. This caused an incoapatibility with standard 
20mm projectiles. A 20mm projectile "fuze tester" compatible with the 
XM714 delay fuze and M61A1 gun was provided to enable the fuze to be 
tested. The object of these tests was to demonstrate XM714 delay fuze 
performance at various impact conditions. 
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SECTION II 

TEST PROCEDURES 

The test item (Figures 1 and 2) consisted of an XM7I4 delay fuze and 
a 20nmi high-explosive (HE), thin-walled, lightweight projectile used as a 
test vehicle. The fuze consisted of the standard XM714 safe and arming 
(S5A) assembly plus a crush washer, a slide weight and one plastic ball, 
all enclosed in a solid steel ogive. The nominal weight was 564 grains. 
The nominal projectile weight was 622 grains and included a plastic rotating 
band and 193 grains of explosive with a charge-to-mass ratio (C/M) of 0.342. 

Three types of tests were conducted: 

(1) Structural Integrity - To determine fuze survivability at various 
impact conditions. 

(2) Sensitivity - To determine fuze function against very light 
material (0.04 inch aluminum), low oblique impact angles (0 degrees) and 
minimum impact velocities (1500 feet per second). 

(3) Function Delay - To determine function delay performance at 
various impact conditions. 

All test projectiles were fired from a 20mm gain twist Mann barrel at 
a range of 103 feet. Target material was 0.040 to 0.125 inch thick 2024-T3 
aluminum. Muzzle velocities were 2500, 3000, and 3500 feet per second and 
impact angles included 0- to 80-degree obliquities. Target size was 12 x 24 
inches (Figure 3) for all structural integrity and function delay tests.  A 
12 x 12-inch target (Figure 4) was used for the sensitivity test. The tar- 
get was mounted firmly on all four sides against a 0.75-inch-thick steel 
plate target frame. 
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SECTION III 

TARGET AND INSTRliENTATION 

Figures S and 6 show the range set-up and relative positions of the 
instrumentation and targets. 

Projectile velocity was obtained using circuit paper triggering devices 
for starting and stopping a counter. The triaaering devices were positioned 
approxi .. tely 61 feet and 71 feet downrange froa the .uzzle (FigureS). 

Two 150-KV x-ray heads were set up along the trajectory (FigureS). 
One head was positioned ahead of the target for deteraining fuze araing and 
the other head was positioned behind the taraet for determinina delay dis
tance and fuze survivability. 

Delay tiae was recorded by a counter that indicated tiae between 
projectile target impact and fuze function. The counter was s•arted by a 
circuit paper triggering device on the taraet and stopped by a photo cell 
that detected projectile detonation flash. Delay time was determined by 
.ultiplying the counter time, in ~sec, by the projectile velocity. 

An aluainua plate (fragaent witness plate) positioned behind the taraet 
parallel to and lower than the f~jectile fliaht path was used as an alter
nate method of determining fuze delay distance (Figure 7). The fra..-nt 
pattern on the plate shows a distinct line froa which a aeasureaent can be 
.. de and used to indicate approxiaate delay distances. 

A secondary target was positioned approxiaately S feet behind the 
priaary target (FigureS). This target, 0.090 to 0.100 inch aluainua, was 
used to distinguish between a sensitivity problea and no function. This 
plate also indicated possible low order detonations. 

The witness paper was placed approxiaately S feet behind the secondary 
target (Figure 5). The witness paper aided in determining a no function 
or low order detonation. 

3 
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SECTION IV 

TEST RESULTS AND DISCUSSION 

During this test 266 live rounds and 40 inert rounds, for a total of 
306, were fired. Of these, 277 data points were acceptable for evaluation. 
The remaining 29 were unacceptable due to projectiles hitting the target 
frame or missing the target completely. The x-ray data and counter time 
provided an excellent method of determining fuze arming and fuze delay 
distances. Figure 8 shows a typical x-ray of the projectile before impact. 
Figure 9 shows an x-ray of a live HE projectile after impact. Figure 10 
shows an x-ray of an inert filled projectile after impact. Witness plate 
measurements are recorded in Table 1. A vector sum of estimated projectile 
velocity and fragment velocity are not shown due to inconsistent delay 
distances when using witness plate measurements. The values recorded in 
Table 1 for the witness plate delay are the measured horizontal and vertical 
distances from the impact point on the target to the fragment line on the 
fragment witness plate. 

The velocity recorded is an average projectile velocity beginning 
61 feet 2 inches downrange and ending 71 feet 2 inches downrange. This 
velocity is used in computing the delay distance from the x-rays and the 
counter. The delay distances obtained from the counter are slightly higher 
than those of the x-rays due to the higher velocity measured uprange from 
the target. This inaccuracy is acceptable for the purpose of this test. 

Table 2 shows the results of the fuze integrity test.  The projectile 
velocities ranged from 2500 to 3500 feet per second. Targets were 0.090 
and 0.125 inch thick and positioned at 70- and 80-degree obliquity angles. 
All projectiles failed at 80 degrees against 0.125 inch targets. Shot 
number 21 (Figure 16) is representative of a fuze-body interface failure. 
Shot number 5 (Figure 17) is representative of a fuze body misaligned with 
respect to the projectile body. 

Table 3 shows the results of the fuze sensitivity tests. One of the 
fuze performance goals is that the fuze will function on 0.040 inch thick 
2024-T3 aluminum at 0 degrees impact angle and a projectile velocity of 
1,000 feet per second. The shots were made at 1500 feet per second because 
previous work performed by the contractor indicated that the fuze would not 
arm at 1,000 feet per second. All five shots failed to function on the 
primary targets. 

Table 1 shows the results of the function delay test.  Five data 
points were collected for each test condition, giving a total of 245 data 
points. Impact angles varied from 0 to 80 degrees obliquitv, target thick- 
nesses ranged from 0,063 inch to 0.125 inch, and nominal p.-ojectile velo- 
cities varied from 2500 to 3500 feet per second. A total Df 60 shots did 
not function on the primary target; 17 of these did not detonate until 
hitting the armor plate backstop. Of these 17 shots, only nine were 
oriented on the x-ray film such that a determination of arming could be 

    <ti":'"'"""-""-"^—-■'-■ ■   Ilflii-IH.MI --—^rtfi r t± 
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made.  Four of the nine indicated no arming. Figures 11 and 12 show a com- 
parison of a properly armed fuze (detonator aligned) and a partially armed 
fuze (detonator not aligned). Of the 17 shots, 13 were with projectile 
velocities of 3000 fee' per second, and one was with a projectile velocity 
of 2500 feet per second. Figures 13, 14, and 15 are curves of delay dis- 
tance versus effectiv«? thickness. Effective thickness is the actut. thick- 
ness that the project! If.- penetrates.  It is determined by dividing the 
target thickness by the cosine of the oblique angle of impact. 
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NOTE:    All  Dimensions  in Inches 

6 Inch Holes 

Thickness:  0.063, 0.090, 0.125 

Material:  2024T3 Aluminum 

Figure 3. Structural Integrity and 
Function Delay Tests Target 
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3.67 Typ 

1/2"^ 

12- 

3.67 Typ 

0 ' 

12-5/16 Inch Holes 

Thickness:  0.Ü4O 

Material; 202413 Aluminum 

NOTE: All Dimensions in Inches 

Figure 4.  Sensitivity Tests Target 
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Adjustable Target Frame Secondary Target 

Counter Trigger Target Fragment Witness Plate 

Figure 7.     Primary and Secondary Targets Set-Up 
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Figure 8.     X-Ray of Projectile Before Impact 
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Figure 9.  X-Ray of Live Projectile After Impact 

14 

J^ ,^ ^..■...J->^- ^^.„x: r.-...i :.  
■■ mm* 



«pnWWWPPIJIIMIllipMITOWNIil^^^^ TttS7*r;v«yOT.-.A-T*r.-. 

•■%> 

. 

if 

A Si,1" 

Figure 10.  X-Ray of Inert Filled 
Projectile After Impact 
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Figure 11. X-Ray of Properly Armed 
Fuze (Detonator Aligned) 
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Figure 12. X-Ray of Partially Armed Fuze 
(Detonator Not Aligned) 
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Figure 16.     Fuze/Body Interface Failure 
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Figure 17.    Fuze Body Misaligned 
With Respect to Projectile Body 
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INITIAL DISTRIBUTION 

ARMCOM/DRSAR-RDS 
AMSAA/DRXY-S 
Lake City Army Ammunition Plant 
NWC/Code 3123 
NWC/Code 4023 
Frankford Arsenal/SARFF.-MDE 
Frankford Arsenal/FA-MDA-D 
AFATL/DL 
AFATL/DLD 
Accessions Div (DDC-TC) 
AUL/LSE 71-249 
ASD/ENFEA 
Hq USAF/SAMI 
00-ALC/MMWMP 
AFIS/INTA 
Hq TAC/DRA 
TAG/INA 
US Army TRADOC Sys Analysis 
Activity/ATAA-SL 

Hq USAFE/DOQ 
Hq PACAF/DOOFQ 
ASD/XRP 
COMIPAC/1-232 
AFATL/DLODL 
AFATL/DLODR 
ADTC/SD20E 2 
ADTC/SRLE 2 
ADTC/SD20 1 
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